ABSTRACT Consumer interest in organic and natural poultry production is growing. An experiment was conducted to assess the impact of genotype and outdoor access on sensory attributes of broiler meat. One slowgrowing genotype (S), 2 medium-growing genotypes (M1 and M2), and a commercial fast-growing genotype (F) were raised (straight-run) for 81, 67, or 53 d, respectively. The placement dates were staggered to achieve a similar final BW, and each genotype was processed on the same day. Each genotype was assigned to 3 pens of 24 birds each, and all birds were raised in indoor floor pens in a naturally ventilated facility. The S and F genotypes were also assigned to 2 floor pens with outdoor access (during
INTRODUCTION
Consumer interest is increasing in natural and organic poultry products from birds that are raised without the use of antibiotics for growth, without animal by-products, and in the case of organic, without synthetic chemicals. Some consumers are also interested in birds raised with access to the outdoors or "free range." Many consumers buy these products because they believe the products have superior sensory qualities and report that they "taste better" (Latter-Dubois, 2000) .
The organic market has grown by 20% annually in the United States for the past decade (ERS, 2002) . Organic production has strict guidelines defined by the USDA National Organic Program concerning production and requires the use of feed ingredients in livestock and poultry production that are 100% organically produced (without synthetic pesticides and herbicides) (USDA, 2002) . Outdoor access is also required, but there are no require-production and specialty markets has not been well researched. Consumer acceptability issues may impact the feasibility and desirability of using commercial fast-growing genotypes in production systems with outdoor access.
Selection for fast growth and high yield are likely to have impacted the sensory and functional qualities of the meat (Dransfield and Sosnicki, 1999; Le Bihan-Duval et al., 2001; Le Bihan-Duval, 2003) . Slow-growing birds raised in alternative production systems with outdoor access, such as Label Rouge birds, are reputed to have superior texture and flavor, and in European studies, consumers preferred it to conventional poultry meat (Touraille et al., 1981; Castellini et al., 2002) .
There has been little research with U.S. consumers concerning the acceptance of slow-growing birds or birds grown with outdoor access. At the present time, slowgrowing genotypes are not generally used in the United States, where there is little availability and importation is problematic. Research is needed to determine the suitability of fast-and slow-growing genotypes for U.S. production systems that provide outdoor access with regard to overall performance and consumer acceptability. Therefore, the objectives of this research were to assess the impact of outdoor access and genotype on sensory attributes of the meat.
MATERIALS AND METHODS
A trial was conducted at the University of Arkansas Poultry Research Farm from March to June 2003. All procedures were approved by the University of Arkansas Institutional Animal Care and Use Committee. Four genotypes were compared in this study and were categorized with regard to the approximate time required to reach a market weight of 2.0 to 2.5 kg. The genotypes included one slow-growing broiler (S; S & G Poultry, Clinton, AL), 2 strains of medium-growing broilers [M1 (Redbro broiler; Hubbard ISA LLC, Walpole, NH) and M2 (Silvercross broiler; Noll's Poultry Farm, Kleinfeltersville, PA)], and a commercial fast-growing broiler (F; CobbVantress, Inc., Siloam Springs, AR), which were raised for 81, 67, or 53 d, respectively. In designing the trial, it was decided that a similar final BW (approximating an appropriate BW for the specialty poultry market) was desirable. Because the overall research objectives included processing data (as well as sensory characteristics), a single-trial termination date was given preference over using a single-trial initiation date. Therefore, the placement dates were staggered in an attempt to reach similar BW at trial termination such that all genotypes could be processed on the same day.
Objectives of the research also included assessment of the impact of outdoor access on sensory attributes. However, a restricted number of pens with outdoor access were available, so only the S and F genotypes were provided with outdoor access (O), whereas all genotypes were compared in indoor confinement (I). Therefore, the 6 treatments were S-I, M1-I, M2-I, F-I, S-O, and F-O. Because of limitations on the availability of sex separate chicks of the S and M genotypes, straight-run chicks were used in each treatment. All chicks were obtained from hatcheries complying with the USDA National Poultry Improvement Plan program.
Each genotype was represented in 3 replicate indoor pens containing 24 chicks each (72 birds per treatment). The facility was a naturally ventilated house with a concrete floor and side curtains and was equipped with fans for ventilation. A thermostatically controlled heater was used, and gas brooders along the length of the house provided additional heat during brooding. Indoor pens measured 2.4 m × 1.5 m (0.15 m 2 per bird) and contained one plasson waterer and a hanging tube feeder. The S and F genotypes were also represented in 2 replicate pens containing 36 chicks each (72 birds per treatment), which measured 4.9 m × 1.5 m (0.20 m 2 per bird) and contained 2 plasson waterers and hanging tube feeders. For the S-O and F-O treatments, outdoor access from these pens was provided after 3 wk of age during daylight hours through a single doorway measuring 25 cm × 51 cm. The outdoor pens each measured 14 m × 4.6 m (1.79 m 2 per bird in the outdoor yard). Yards were completely covered with forage (cool-season fescue and warm-season bermudagrass), and feed and water were also provided outdoors using trough feeders and water pans with reservoirs. Ground predators were excluded by electric net fencing, and overhead predators were excluded by netting over the yards. Birds were confined to indoor pens at night. Indoor pens and pens with outdoor access were interspersed in the same building; pens were randomly assigned. All pens contained new pine wood shavings, and a constant photoperiod of 24 h was provided.
All birds were provided with the same diets (Table 1) , which included a starter diet (provided to the S and M genotypes for 4 wk and to the F genotype for 3 wk), a grower diet (provided to the S and M genotypes for 4 wk and to the F genotype for 3 wk), and a finisher diet (provided to the S genotype for 4 wk and to the M and F genotypes for 2 wk). The diets were devoid of animal by-products and antibiotics; anticoccidial medication was included. Access to feed and water was freely available, and all diets were formulated to contain adequate nutrient levels as defined by the NRC (1994).
Broilers and feed were weighed weekly for determination of weight gain, feed intake, and feed efficiency (data reported in Fanatico et al., 2004) . All birds were commercially processed at the University of Arkansas Pilot Processing Plant. Age at processing was 81, 67, or 53 d for the S, M, and F birds, respectively. Feed was withheld for 10 h before slaughter, and broilers were weighed individually at the plant, where they were identified as male or female. Automated equipment was used for electrical stunning, scalding, picking, vent opening, and evisceration. Birds were scalded at 53°C for 120 s. Carcasses were prechilled at 12°C for 15 min and chilled (immersion) at 1°C for 45 min. After chilling, the carcasses were aged on ice for 6 h and then hand-deboned on a cone. Meat was stored at 4°C until sensory analysis. Slow-, medium-, and fast-growing genotypes received the starter diet for 4, 4, and 3 wk, respectively. Slow-, medium-, and fast-growing genotypes received the grower diet for 4, 4, and 3 wk, respectively. Slow-, medium-, and fast-growing genotypes received the finisher diet for 4, 2, and 2 wk, respectively. At 48 h postmortem, a consumer test was conducted on the breast meat at the University of Arkansas poultry science kitchen/sensory facility. The sensory facility has individual booths, and panelists were served through a hatch door. Approximately 30 breast fillets (skinless) from each treatment, representative of all replications, were cooked on racks in aluminum-lined, covered pans to an internal temperature of 76°C and cut into bite-size 0.75 inch cubes. Six to 8 samples were cut from each fillet. Meat was not salted or seasoned.
The consumer panel of 90 consisted of volunteers who were not screened for behavior such as poultry consumption habits or natural poultry purchasing. They were not given any information about the products. Consumer panelists were each served 2 breast samples from the each of the 6 treatments one at a time and were instructed to cleanse their palates between samples with distilled water and unsalted crackers. They were asked to evaluate liking of texture, liking of tenderness, intensity of tenderness, appropriateness of tenderness, and appropriateness of juiciness. Nine-point hedonic scales were used to assess liking of texture and of tenderness (1 = dislike extremely to 9 = like extremely). A 9-point intensity scale was used to assess the intensity of tenderness (1 = extremely tough to 9 = extremely tender). Just-About-Right (JAR) scales were to used to assess the appropriateness of the degree of tenderness (1 = much too tough, 2 = too tough, 3 = just about right, 4 = too tender, and 5 = much too tender) and the appropriateness of the degree of juiciness (1 = much too dry to 5 = much too juicy). Samples were arranged in a complete randomized block.
Leg quarters were vacuum-packed and stored at −20°C for 6 mo until sensory analysis of the dark meat. Thighs were thawed, skinned, deboned, ground, and formed into patties. Samples were pooled by replication when grinding and forming patties. The unseasoned patties were baked in aluminum-lined, covered pans to an internal temperature of 76°C. Fifty-nine volunteer panelists were served 2 samples from each of the 6 treatments and were provided with distilled water and unsalted crackers to cleanse their palate between samples. They were asked to evaluate overall liking, liking of flavor, intensity of flavor, and appropriateness of flavor. Nine-point hedonic scales assessed overall liking of texture and liking of flavor (1 = dislike extremely to 9 = like extremely), and a 9-point intensity scale assessed the intensity of flavor (1 = extremely weak to 9 = extremely strong). A 5-point JAR scale assessed the appropriateness of the degree of flavor (1 = much too weak to 5 = much too strong). Samples were arranged in a complete randomized block.
Statistical Analysis
Data collected in this completely randomized design were subjected to an ANOVA with the GLM procedure of SAS (1999), and treatment means were separated using Duncan's Multiple Range test. The level at which differences were considered significant was P < 0.05.
RESULTS AND DISCUSSION

Impact on Texture and Juiciness
Sensory evaluation of the breast meat focused on texture. Texture, particularly tenderness, is generally the most important attribute driving acceptance of meat (Fletcher, 2002) ; however, meat is not a homogeneous product, as there is variation in the tenderness of meat from fillet to fillet (Cavitt, 2004) . Interestingly, in specialty production such as the French Label Rouge, slow-growing broilers at 81 d are expected to have meat with a firmer texture than conventional broilers (Touraille et al., 1981) . However, U.S. consumers may have different preferences.
Effect of Genotype. There was no effect of genotype in terms of liking of texture or liking of tenderness (P > 0.05); however, there was an effect on tenderness intensity ( Table 2 ). The M1-I and M2-I birds had a higher degree of tenderness than the F birds (P < 0.05), whereas the S birds were similar to both the M and F birds. Differences in texture may be due to the fact that fast growth in birds leads to larger muscle fibers, which have been associated with both tender and tough meat, and differences in proteolytic potential (Dransfield and Sosnicki, 1999) . Although some differences existed, it is important to note that the panelists perceived all treatments, indoor and outdoor, as "slightly tender" or "moderately tender."
Because hedonic scales do not allow determination of the appropriateness of intensity of tenderness, a JAR scale was used (Table 3 ). The percentage of consumers who Means with the same letter in the same column do not differ (P < 0.05).
1 Nine-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, and 9 = like extremely).
2 Nine-point tenderness intensity scale (1 = extremely tough, 5 = neither tough nor tender, and 9 = extremely tender). Five-point tenderness JAR scale (1 = much too tough, 3 = just about right, and 5 = much too tender).
scored the products as JAR ranged from 49% for the F-O to 78% for the M1. At least 25% of panelists considered S-I, F-I, S-O, and F-O to be too tough, whereas the M1 and M2 birds were considered too tough by only 16 and 17%, respectively, of consumers, following a similar trend as the results of the tenderness intensity test. As a general rule of thumb in JAR tests, when >20% of panelists suggest an improvement to an attribute of a product, the attribute should be modified.
Juiciness is also considered very important by consumers (Latter-Dubois, 2000). According to the JAR results for juiciness, all of the treatments were considered dry by many of the panelists, ranging from 32 to 61%, depending on the product (Table 3) . It is important to note that these were not enhanced poultry products, with added water, salt, and phosphates to which consumers are accustomed, nor were the products prepared with ingredients such as salt or other seasonings that stimulate saliva. The S birds had a lower JAR mean than M1 (P < 0.05), indicating that the meat was less desirable (for juiciness); however, no other differences in JAR means were observed. Juiciness is important but, according to Lyon and Lyon (1990) , a trained panel should evaluate its role because of its complexities. Effect of Production System. According to the results of the intensity scale for tenderness, outdoor access does not result in tougher meat, as indicated by no differences in mean values (P > 0.05) ( Table 2 ). In contrast, Skaarup (1983) found that the breast meat of free-range birds is less tender than that of conventional birds (as cited by Farmer et al., 1997) . However, according to the distribution of consumer responses for the JAR scale for tenderness, in the present study, the outdoor treatments were considered too tough (including much too tough) by 32% (F-O) to 33% (S-O) of consumers, but the indoor treatments were considered too tough by only 16 to 27%, depending on the product, although results were somewhat variable (Table 3) . For example, the F-O was considered too tough by 32.0% of panelists and, at the same time, too tender by 18.7%. It is possible that exercise is likely to lead to variation in the texture of the meat because some birds go outdoors and exercise more than Means with the same letter in the same column do not differ (P < 0.05).
1 Nine-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, and 9 = like extremely). Nine-point flavor intensity scale (1 = extremely weak, 5 = neither weak nor strong, and 9 = extremely strong). other birds. Yet, the contribution of exercise to meat quality in a production system with outdoor access is not known. Although overall mean scores for tenderness intensity were not different relative to production system, this may explain why the outdoor treatments had a higher percent of meat being perceived as too tough or much too tough.
The outdoor treatments were also considered too dry by 55% (F-O) to 61% (S-O) of panelists, but the indoor treatments ranged from 32 to 52%, depending on the product. Treatments that had higher percentages of consumers perceiving meat to be too tough or much too tough also had a higher percentage of consumers perceiving meat to be too dry or much too dry. Juiciness can impact perceived tenderness of meat products, as these characteristics are correlated, i.e., dryness may lead a panelist to judge meat as tough.
Impact on Flavor
Sensory evaluation of the thigh meat focused on flavor in this study because flavor is associated with fat, and dark meat contains more fat than white meat (USDA, 2005) . In addition, overall liking was tested, which can include flavor, appearance, texture, and other attributes. In specialty production, such as the French Label Rouge, slow-growing broilers raised in alternative production systems and harvested at 81 d are expected to have meat with a fuller flavor than conventional broilers (Touraille et al., 1981) .
Effect of Genotype. There were no significant differences in overall liking among the thigh samples (P > 0.05) ( Table 4 ). The flavor of the S-I birds was less liked than the other indoor genotypes (P < 0.05), but there was no difference between F-O and S-O. None of the dark meat samples, even from the conventional treatment of F-I, had a high liking. None even reached the level of 6 or "like slightly." The low scores are possibly a result of the lack of salt or seasoning. It is also possible that the panelists did not like dark meat in general or in the presented form (ground patties). Surprisingly, the M2 birds had a stronger degree of flavor than the S-I birds (P < 0.05). Because flavor is normally associated with older birds, the S (older) birds were expected to have the strongest flavor. It is possible that the M1 birds were at a more mature stage of development (as a function of their adult weight) than the S birds at slaughter. Although the present study compared birds at a similar BW, it would be useful to compare genotypes at metabolically similar ages to separate the effect of genotype from the effect of age on flavor.
According to the distribution of consumer responses for the JAR scale for flavor, all treatments were considered too weak (including much too weak) by many of the panelists, 34 to 47%, depending on the product. The F-I and the M2 were considered too weak (and much too weak) by only 34 and 37% of panelists, respectively (Table  3) . However, the flavor of the older S-I and M1 birds were considered too strong (and much too strong) by 19 and 16% of panelists, respectively, compared with the other indoor genotypes, which were <9% ( Table 3 ), suggesting that there is potential for older birds to have stronger flavored meat, which may impact consumer preferences.
Latter-Dubois (2000) examined the impact of genotype on tenderness, juiciness, or flavor among 5 different crosses of slow-, medium-, or fast-growing genotypes and found no significant differences. The researchers interpreted the lack of differences to the use of both male and female birds and the use of insufficiently trained panelists. Additionally, none of the genotypes were allowed to grow past 10 wk, and age-related flavor development could not occur. The maximum age in the present study was almost 12 wk for the S-I and S-O birds.
According to Farmer (1999) , age has an "unambiguous effect on flavor," but genotype, sex, weight, and production system have more varying effects. Flavor increases after growth inflection occurs (the age at which gain is maximum) when flavor precursors are deposited in the muscle (Gordon and Charles, 2002) . In conventional production, growth inflexion has not yet been reached when fast-growing birds are slaughtered at 42 d. The conventional bird is generally young, very tender, and juicy but with a less intense flavor (Le Bihan-Duval, 2003) . Sonaiya et al. (1990) found the flavor of breast and thigh meat to be more intense in birds at d 54 than at d 34 (as cited by Gordon and Charles, 2002) . According to Larbier and Leclercq (1992) , the inflexion point is 48.2 and 43.2 d for male and female fast-growing broilers, respectively, and 52.8 d for male slow-growing Label Rouge birds. The birds in the present study had likely reached the point of growth inflexion because they were slaughtered after these times. It is surprising that the meat in most cases was considered weak by panelists; however, there was a trend for the flavor of the S birds to be considered too strong or much too strong by a higher percentage of consumers compared with the F birds. Touraille et al. (1981) found the flavor intensity of slow-growing male Label Rouge birds increased up to 14 wk of age or sexual maturity.
Effect of Production System. Although the image of free range may appeal to some consumers, in this blind study, there was no effect of production system on overall liking, liking of flavor, or intensity of flavor of dark meat (P > 0.05) (Table 4) . Outdoor access did not make the flavor more intense or increase the liking of flavor by panelists. Although not quantified, the S birds were observed to spend more time outdoors and actively foraging, and the F birds did not go outdoors as often. When they did, the F birds tended to group around the outdoor feeder or close the house in the shade rather than foraging. However, the activity patterns of the birds did not seem to impact the flavor of the meat. Previous research reviewed by Farmer (1999) has shown that the impact of production systems (i.e., indoor or outdoor) varies where outdoor (free range) production results in either no change in flavor or an increase in flavor intensity. Interestingly in this study, according to the distribution of consumer responses for flavor, 11.86% of panelists found the F-O too strong (and much too strong) compared with the F-I, where only 5.36% found it too strong (Table 3 ). This may be related to the interaction of the bird and factors (stocking density, diet, etc.) related to outdoor production; however, future research is needed in this area.
Pasture may have the potential to contribute to flavor, particularly if it is designed for poultry. However, most pasture used in free-range poultry production is designed to be hardwearing lawn, as in the present study. According to Gordon and Charles (2002) , flavor of the meat may be modified by access to pasture and the consumption of herbage or live protein. Different forages may result in different flavors, and diet manipulation could offer potential to enhance poultry flavor.
Consumer Preferences. It is important to determine U.S. consumer preferences for specialty poultry products. Long-term exposure to the soft texture of conventional broiler meat may cause a resistance to a firmer meat texture; similarly, consumers are accustomed to mildly flavored broiler meat instead of a more intense, rich flavor. A trained panel is needed to fully describe the products so that adjustments can be made, and a consumer focus group approach can reveal more information on preferences. Preferences are linked to what customers are accustomed to and their habits. Experience with eating different types of birds will help consumers develop their preferences for specialty poultry products. A consumer education program may also be needed for marketing. A large part of the success of the Label Rouge product in France is attributed to a very successful education/marketing program in France and the strong French belief in the product.
There are other reasons, in addition to eating quality, that consumers may buy specialty poultry, such as consideration given to environmental issues and the welfare of the birds. Also, consumers may believe the meat from free-range birds is healthier than that from birds raised indoors. Many consumers want more information about the provenance of their food. In a survey by Latter-Dubois (2000), the main reason that Canadian consumers buy specialty (grain-fed) poultry was "better flavor" (34.16%), "raised without medicine/hormones" (27.23%), "less fat" (15.84%), "methods more humane" (12.87%), and "higher protein" (9.90%).
In conclusion, outdoor access had little impact on the sensory attributes measured in this study, but genotype had a greater impact. The M birds were the most tender and had the strongest flavor, and the flavor of the S birds was less liked. However, meat from all treatments was considered tender and weak in flavor with overall hedonic scores in the categories of "like slightly" or "neither like nor dislike." Future work will include targeted consumer panelists who have been recruited for consumption of natural poultry products and dark meat as well as sex-separate analysis to reduce variability caused by gender. Measuring the breast dimensions will help account for any impact of fillet size on sensory determinations. The use of a trained panel will help describe these alternative products and explain consumer acceptance of specialty poultry products.
